AMENDMENTS TO THE CLAIMS 

The following listing of claims will replace all prior versions and listings of claims 
in the application. 

Listing Of Claims 

1. (Canceled) 

2. (Previously Presented) The method as defined in Claim 8 wherein 
acquiring two-dimensional image data further includes acquiring a two-dimensional 
anterior to posterior image and a two-dimensional lateral image. 

3. (Original) The method as defined in Claim 2 further comprising 
identifying a center of a body of interest in the two-dimensional anterior to posterior 
image and the two-dimensional lateral image. 

4. (Original) The method as defined in Claim 3 wherein generating a 
digitally reconstructed radiograph further includes generating an anterior to posterior 
digitally reconstructed radiograph and a lateral digitally reconstructed radiograph 
corresponding to the two-dimensional anterior to posterior image and the two- 
dimensional lateral image. 

5. (Original) The method as defined in Claim 4 further comprising 
identifying a center of the body of interest in the anterior to posterior digitally 
reconstructed radiograph and the lateral digitally reconstructed radiograph. 
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6. (Original) The method as defined in Claim 5 further comprising 
identifying a common point in the three-dimensional image data with the two- 
dimensional image data using the identified centers of the anterior to posterior image, 
lateral image, anterior to posterior digitally reconstructed radiograph image and lateral 
digitally reconstructed radiograph image. 

7. (Original) The method as defined in Claim 6 further comprising refining 
the registration of the two-dimensional image data with the three-dimensional image 
data using the first and second patient orientation information and the common point 
information. 
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8. (Previously Presented) A method for registering two-dimensional 
image data with three-dimensional image data of a body of interest, said method 
comprising: 

acquiring the three-dimensional image data having first patient orientation 

information; 

acquiring the two-dimensional image data having second patient 
orientation information; and 

generating a digitally reconstructed registered radiograph that 
substantially corresponds to the two-dimensional image data using the three- 
dimensional image data and the first and second patient orientation information, 
including: 

(a) wherein the first patient orientation information includes 
determining how the patient was positioned or oriented relative to an 
imaging device during acquiring the three-dimensional image data and 
wherein the second patient orientation includes determining how the 
patient was positioned or oriented relative to an imaging device during 
acquiring the two-dimensional image data; 

(b) determining an estimate of the patient's orientation with 
respect to a dynamic reference frame based at least in part on (a); 

(c) wherein the digitally reconstructed radiograph includes a 
view through the three-dimensional image data, along the direction of the 
two-dimensional image data based upon the determined first and second 
patient orientation; 
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refining the registration of the two-dimensional image data with the three- 
dimensional image data using the first and second patient orientation information and 
the common point information; 

wherein the refined registration employs at least two similarity/cost measures 
selected from a group of at least a normalized mutual information algorithm, a mutual 
information algorithm, a gradient difference algorithm, a gradient algorithm, a line 
contour algorithm, a surface contour algorithm, a pattern intensity algorithm or a 
combination thereof. 

9. (Original) The method as defined in Claim 8 further comprising 
optimizing the selected similarity/cost measures using an optimization algorithm 
selected from a group of at least a multi-stage steepest ascent algorithm, a steepest 
ascent algorithm, a gradient-based optimization algorithm or a combination thereof. 

10. (Original) The method as defined in Claim 7 further comprising 
adjusting a registration window on the body of interest in each anterior to posterior 
image, lateral image, anterior to posterior digitally reconstructed radiograph image, and 
lateral digitally recon radiograph image, wherein only the image data within the 
registration windows are used for refined registration. 
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11. (Original) The method as defined in Claim 9 further comprising 
verifying the refined registration for accuracy by selecting a point in the three- 
dimensional image data to confirm its accuracy with a point in the two-dimensional 
image data. 

12. (Previously Presented) The method as defined in Claim 8 further 
comprising performing a refinement registration utilizing normalized mutual information 
and pattern intensity. 

13. (Original) The method as defined in Claim 12 further comprising 
optimizing the refinement registration by utilizing a multi-stage steepest ascent 
algorithm. 

14. (Previously Presented) The method as defined in Claim 8 further 
comprising performing multiple registrations on multiple bodies of interest. 

15. (Previously Presented) The method as defined in Claim 8 wherein the 
body of interest is a vertebrae. 
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16. (Previously Presented) A method for registering two-dimensional 
image data with three-dimensional image data of a body of interest, said method 
comprising: 

acquiring the three-dimensional image data; 
acquiring the two-dimensional image data; 

generating a digitally reconstructed radiograph using the three- 
dimensional image data; and 

registering the two-dimensional image data with the three-dimensional 
image data using both a first similarity/cost measure and a second similarity/cost 
measure; and 

displaying a single registered image based upon the registration of the 
two-dimensional image data with the three-dimensional image data on a display; 

wherein registering the two-dimensional image data with the three- 
dimensional image data includes determining a transformation to correlate points 
between the two-dimensional image data and the three-dimensional image data; 

wherein both the first similarity/cost measure and the second 
similarity/cost measure are optimized to register the two-dimensional image data with 
the three-dimensional image data. 

17. (Canceled) 

18. (Original) The method as defined in Claim 16 further comprising 
optimizing the first similarity/cost measure and the second similarity/cost measure. 



Serial No. 10/644,680 



Page 7 of 23 



19. (Original) The method as defined in Claim 16 wherein the first 
similarity/cost measure is normalized mutual information and the second similarity/cost 
measure is pattern intensity. 

20. (Original) The method as defined in Claim 19 further comprising 
optimizing the normalized mutual information and the pattern intensity utilizing a multi- 
stage steepest ascent algorithm. 

21. (Previously Presented) The method as defined in Claim 16 further 
comprising verifying registration accuracy including displaying a graph of the registration 
process illustrating the convergence of the process to an answer. 

22. (Original) The method as defined in Claim 16 further comprising 
adjusting a registration window in the two-dimensional image data and a registration 
window in the digitally reconstructed radiograph where the image data within the 
registration windows are used for registration. 

23. (Original) The method as defined in Claim 16 wherein acquiring three- 
dimensional image data further includes acquiring three-dimensional image data having 
first patient orientation information and wherein acquiring two-dimensional image data 
further includes acquiring two-dimensional image data having second patient orientation 
information and wherein generating the digitally reconstructed radiograph further 
includes using the first and second patient orientation information. 
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24. (Original) The method as defined in Claim 16 further comprising 
performing intensity adjustment on the two-dimensional image data. 

25. (Original) The method as defined in Claim 24 wherein performing 
intensity adjustment on the two-dimensional image data includes performing intensity 
adjustment on a two-dimensional lateral image of the body of interest, wherein 
generating a digitally reconstructed radiograph further includes generating a lateral 
digitally reconstructed radiograph that substantially corresponds to the two-dimensional 
lateral image. 

26. (Original) The method as defined in Claim 25 further comprising 
aligning the two-dimensional lateral image with the lateral digitally reconstructed 
radiograph utilizing at least one similarity/cost measure. 

27. - 30. (Canceled) 
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31. (Previously Presented) A method for registering two-dimensional 
image data with three-dimensional image data of a body of interest, said method 
comprising: 

acquiring the three-dimensional image data of the body of interest; 

acquiring a two-dimensional lateral image of the body of interest; 

generating a digitally reconstructed radiograph that substantially 
corresponds to the two-dimensional image; 

performing intensity adjustment of the two-dimensional image to reduce 
the effect of an interfering object; and 

aligning the two-dimensional image with the digitally reconstructed 
radiograph using a similarity/cost measure. 

comprising acquiring a two-dimensional anterior to posterior image and 
generating an anterior to posterior digitally reconstructed radiograph that substantially 
corresponds to the anterior to posterior image; 

registering the two-dimensional lateral image and the two-dimensional 
anterior to posterior image with the three-dimensional image data using a first 
similarity/cost measure and a second similarity/cost measure. 
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32. (Previously Presented) The method as defined in Claim 31 wherein 
acquiring the three-dimensional image data further includes acquiring first patient 
orientation information, wherein acquiring the two-dimensional lateral image and the 
two-dimensional anterior to posterior image further includes acquiring second patient 
orientation information, and wherein generating the digitally reconstructed radiographs 
further includes generating the lateral digitally reconstructed radiograph and the anterior 
to posterior digitally reconstructed radiograph using the three-dimensional image data 
and the first and second patient orientation information. 

33. (Original) The method as defined in Claim 32 further comprising 
identifying a center of the body of interest in the two-dimensional anterior to posterior 
image and the two-dimensional lateral image. 

34. (Original) The method as defined in Claim 33 further comprising 
identifying a center of the body of interest in the anterior to posterior digitally 
reconstructed radiograph and the lateral digitally reconstructed radiograph. 

35. (Original) The method as defined in Claim 34 further comprising 
identifying a common point in the three-dimensional image data with the two- 
dimensional image data using the identified centers of the anterior to posterior image, 
lateral image, anterior to posterior digitally reconstructed radiograph image and lateral 
digitally reconstructed radiograph image. 
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36. (Original) The method as defined in Claim 31 further comprising 
optimizing the first and second similarity/cost measures using an optimization algorithm. 
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37. (Previously Presented) A method for registering two-dimensional 
image data with three-dimensional image data of a body of interest, said method 
comprising: 

acquiring the three-dimensional image data having first patient orientation 

information; 

acquiring a first two-dimensional image having second patient orientation 

information; 

acquiring a second two-dimensional image having third patient orientation 

information; 

identifying a center of the body of interest in the first and second two- 
dimensional images; 

generating first and second digitally reconstructed radiographs; 

identifying the center of the body of interest in the first and second digitally 
reconstructed radiographs; and 

registering the first and second two-dimensional images with the three- 
dimensional image data using at least both a first similarity/cost measure and a second 
similarity/cost measure. 

38. (Original) The method as defined in Claim 37 wherein said first two- 
dimensional image is a first two-dimensional anterior to posterior image and said 
second two-dimensional image is a second two-dimensional lateral image. 
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39. (Original) The method as defined in Claim 38 further comprising 
performing intensity adjustment on the two-dimensional lateral image and aligning the 
two-dimensional lateral image with the lateral digitally reconstructed radiograph. 

40. (Original) The method as defined in Claim 37 wherein the first 
similarity/cost measure is normalized mutual information and the second similarity/cost 
measure is pattern intensity. 

41. (Original) The method as defined in Claim 37 further comprising 
optimizing the first and second similarity/cost measures. 

42. (Original) The method as defined in Claim 41 wherein first and second 
similarity/cost measures are optimized using a multi-stage steepest ascent algorithm. 

43. (Currently Amended) The method of Claim [[28]] 3_1, wherein performing 
intensity adjustment of the two-dimensional image to reduce the effect of an interfering 
object includes: 

determining a histogram of intensity of the two-dimensional image; 

determining a mean of the intensity; and 

adjusting the mean of the intensity to a target value. 
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44. (Previously Presented) The method of Claim 43, wherein adjusting the 
mean to a target value includes adjusting the contrast, the brightness, the level, or the 
width, or combinations thereof to modify the determined mean. 

45. (Previously Presented) The method as defined in Claim 16 further 
comprising verifying registration accuracy including: 

selecting a point in the acquired three-dimensional image data and 
representing the selected point on a display relative to the acquired two-dimensional 
image data; 

determining whether the selected point is in a correct position in the two- 
dimensional image data. 

46. (Previously Presented) The method of Claim 37, wherein identifying a 
center of the body of interest includes moving a symbol overlaid on at least one of the 
first and second two-dimensional images to a center of a vertebral body. 

47. (Previously Presented) The method of Claim 46, further comprising: 
providing an atlas map of the vertebral body; 

using the atlas map to provide at least an initial estimate for the center of 
the vertebral body. 



Serial No. 10/644,680 



Page 15 of 23 



48. (Previously Presented) A method for registering two-dimensional 
image data with three-dimensional image data of a vertebral body of interest, said 
method comprising: 

acquiring the three-dimensional image data having first patient orientation 

information; 

acquiring a first two-dimensional image having second patient orientation 

information; 

acquiring a second two-dimensional image having third patient orientation 

information; 

displaying the first and second two-dimensional images; 

identifying a center of the vertebral body of interest with the displayed first 
and second two-dimensional images; 

generating first and second digitally reconstructed radiographs; 

aligning the first and second two-dimensional image with the respective 
digitally reconstructed radiographs; 

identifying the center of the body of interest in the first and second digitally 
reconstructed radiographs; 

selecting a first similarity/cost measure and a second similarity/cost 
measure; and 

after aligning the first and second two-dimensional images with the 
respective digitally reconstructed radiographs, registering the first and second two- 
dimensional images with the three-dimensional image data using at least both the first 
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similarity/cost measure and the second similarity/cost measure, including optimizing 
both the first similarity/cost measure and the second similarity/cost measure. 



49. (Previously Presented) The method as defined in Claim 48 further 
comprising performing intensity adjustment on the two-dimensional image. 



50. (Previously Presented) The method of Claim 48, further comprising: 
acquiring the first and second two-dimensional images during an operative 
procedure and after acquiring the three-dimensional image data. 



51. (Previously Presented) The method of Claim 48, wherein aligning the 
first and second two-dimensional images with the respective digitally reconstructed 
radiographs includes: 

determining a region of interest in at least one of the first and second two- 
dimensional images with the respective digitally reconstructed radiographs; 

selecting a third similarity/cost measure; 

executing a set of instructions to align the at least one of the first and 
second two-dimensional images with the respective digitally reconstructed radiographs 
based upon the selected third similarity/cost measure. 
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52. (Previously Presented) Tho mothod as d o f i nod i n C l aim 1, further 
comprising: 

A method for registering two-dimensional image data with three- 
dimensional image data of a body of interest, said method comprising: 

acguiring the three-dimensional image data having first patient orientation 

information: 

acguiring the two-dimensional image data having second patient 

orientation information: and 

generating a digitally reconstructed radiograph that substantially 

corresponds to the tw o-dimensional image data using the three-dimensional image data 
and the first and second patient information, including: 

(a) wherein the first patient information includes determining 

how the pati ent was positioned or oriented relative to an imaging device 
during acguiri ng the three-dimensional image data and wherein the 
second patient information includes determining how the patient was 
positioned or o riented relative to an imaging device during acguiring the 
two-dimensional image data: 

(b) determining an estimate of the patient's orientation with 

respect to a dynamic reference frame based at least in part on (a): 

(c) wherein the digitally reconstructed radiograph includes a view 

through th e three-dimensional image data, along the direction of the two-dimensional 
image dat a based upon the determined first and second patient orientation: 

wherein the two-dimensional image data is acquired intraoperatively; 
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wherein acquiring two-dimensional image data further includes acquiring a 
two-dimensional anterior to posterior image and a two-dimensional lateral image and 
identifying a center of a body of interest in the two-dimensional anterior to posterior 
image and the two-dimensional lateral image; 

wherein generating a digitally reconstructed radiograph further includes 
generating an anterior to posterior digitally reconstructed radiograph and a lateral 
digitally reconstructed radiograph corresponding to the two-dimensional anterior to 
posterior image and the two-dimensional lateral image and identifying a center of the 
body of interest in the anterior to posterior digitally reconstructed radiograph and the 
lateral digitally reconstructed radiograph; 

identifying a common point in the three-dimensional image data with the 
two-dimensional image data using the identified centers of the anterior to posterior 
image, lateral image, anterior to posterior digitally reconstructed radiograph image and 
lateral digitally reconstructed radiograph image; 

wherein determining the estimate of the patient's orientation with respect 
to the dynamic reference frame is determined by combining the first patient information 
and the second patient information including the information of where the patient was 
positioned or oriented for the acquisition of the two-dimensional image data and how the 
patient was oriented or positioned during the acquisition of the three-dimensional image 
data; 

wherein the estimate of the patient's orientation with respect to the 
dynamic reference frame is used to generate the digitally reconstructed radiographs to 
correspond substantially to the two-dimensional intraoperative image data. 
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